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Fabrication of Micro-electrodes using Liner Block Moving
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ABSTRACT

Graphene nanoplatelet (GNP)-reinforced alumina (Al,O3;) is a promising material for
micro-partapplications, particularly micro-nozzle shapes, because of its excellent wearresistance. In this
study, a AlOs/GNPcomposite with 15 vol% graphene nanoplatelets (GNP) was highly densified and
fabricated via spark plasma sintering for micro-electrical discharge drilling (Micro-ED drilling) and the
wear resistance property of the composite is evaluated via the ball-on-disk method. In addition, the
diameter and shape of the micro-electrodes machined by wire electrical discharge grinding (WEDG),
block electrical discharge grinding (BEDG), and new linear block moving electrical discharge grinding
(LBMEDG) methods are systematically compared and analyzed to observe the micro-hole machining in
the micro-ED drilling of the Al,O3/15vol% GNP composite.

Key Words : ALOy/GNP  Composite(Z2iE 23t LF0o(L}  F3AA),  Wear  Resistance(LHOFZ A,
Micro-Electrical Discharge Drilling(Bl0|2 2 #H4&7}3), Linear Block Moving Electrical
o

Discharge Grinding(E2Z &M 0|&HHM014h
AN 2 EAH 22 71AA 540 958k Hjold, WE
wRk ol wAAF vAHeE 5 ST A9
TERAZSYIG 23 gL v s 9ok 8o a7 Utk Ty At TgE &
T AS = 74=(High hardness), FHA3
# Corresponding Author : kangmc@pusan.ac.kr (Brittlness), w374 =(Bending strength) 1]l Q173
Tel: +82-51-510-2361, Fax: +82-51-510-7396 (Toughness)#+ 22 AEEFES 7HAIL o] T,

Copyright © The Korean Society of Manufacturing Process Engineers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 3.0 http:/creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

— 149 —



Ao}, ol FE, AWE  AFVIAVLEEIA, Alled, A E

gy 2L VANEEAR HEA ol FTIE
(Tool  breakage) ¥}
propagation)ol] 2|3t A5}y FOZ A3
284 g Aeke] Qo

g3, vlel32 WA & 7FEMicro-ED  drilling,
Micro-Electrical Discharge drilling)2 €A o]4e] A
ZIAEE(@>03 SmE 7HAH A=l Faglo]l v
A@7rgel 7Fssith olol, dFr v ALOyl 1
#% U89 (Graphene nanosheed, 4+s 1@
(Graphene oxide)” T 1819 UuF2KGraphene
nanoplatelet)S 7814 (Reinforcement) > 2 H7}sF 1
P A LR Aol s a4
Pl o EREA" 9 4745 E(Electrical
conductivity)?} & E==(Thermal conductivity)®} 2
o Angad 37 BEE Ay RugugA
T ASEY B &2 AFE F3E YT

webA, B ATelxe B Eek2ekiA H(SPS,
Spark  Plasma  Sinterimg)ol] &3] X3}
ALOs/15v0l% GNP  E3tAAE o] &3te], Yl
FEORES AH87lsdS YobiiAl Ball-on-disk
WS AREStY WrtREA S Hrlstdth 7]1Ed
Bug ofojopd AR et EEHAANAAE
olgstd wAHFE JFESAT Ela A Eo]
E52deld  WHA2HLBMEDG, Linear  Block
Moving Electrical Discharge Grinding)= A|¢Fsled w]
ANRF 7S Fd3ta, AF584S P78k
o HARFE o] &5t Al & AL JHEE
FEAvAE o] g3t & UM EE BES A

N
o
ofd
o

l
o
=

2. ALOYGNP Skl & o|MIE=2| A=

2.1 ALOs;/GNP SEAM A=

Fig. 12 ALOy15vol% GNP B3AiA o BT
Uetdtt. A AFA GNP el wet
ALO3/0 ~ 20vol% GNP E3AAAZEALS H713H
A7 ALOy/15vol% GNPO i, A% 181
ANHEE 58 g & 5 AAG® GNp B4
9 Astang Q| EFLA] EAo] % A
oz 4 F I WA, ALO; BTl GNP BT
S 15v0l%9] HEo s HUiste] A R Bikal

> . ’
[ j&wf\, /A\/j ;"‘\&
AN v
Monolithic AL,O;: Graphene
- High hardness nanoplatelet(GNP) :
- Non-conductivity Synthesis - Extreme wear resistance
Sintering properties

Graphene - Outstanding electrical

nanoplatelet(GNP)

conductivity

Grain boundary of
monolithic AL,O;

Al,O3/GNP composite

Fig. 1 Schematic diagram on outstanding material
and wear resistance properties of
ALOs/15vol% GNP composite'®

Table 1 Material properties of ALO; and ALO;/GNP
composite fabricated by SPS method"”

Monolithic  Al1,03/15vol%
AlL,Os GNP composite
Relative
density(%) 99.8 99.0
Vickers
hardness(GPa) 2031 1629
Electrical
conductivity(S/m) 1040.12
Thermal
conductivity 41.00 18.00
(W/m-K)

e 53 Axd BSFELS YAZT=RvlLEY
S o] &3] ALOY15vol% GNP E3AA 2 A z3}
Atk oW, BiaAE A2FAL2E 1500C, ¢4 40
MPa, AA1ZF 10 min®] ZHAo 2 AA3FTh A
z9 B3taAe AFEEA e Table 19 YR
ATt

22 7|& o|Ml M3013 33

ALOs/15vol% GNP 23taA]e] nlo]az wa &
V&g 37 fsiMe F3N FAHHAR, High
Aspect Ratio)e] ©wAAS 71go] Aaxojof i}
Fig 25 mAAZS 71galr] 98 AeE 3 o
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Table 2 Experimental conditions for evaluation of
wear resistance by using ball-on-disk
method on ALO3/15vol% GNP composite

Parameters Description

Test set-up Ball-on-disk tribometer

Monolithic Al,Os,

Wear specimen .
ALOs/15vol% GNP composite

Counterpart material Al>O3 ball
Cycle time(min) 60
Speed(m/s) 1.5
Load(N) 50
Lubricant condition Dry

1000 rpm 1T OlFEEEE 10mE AT
nfo] 22 & WAEFS Sk

4. Algldat 2 nFE

4.1 ALOyGNP SEtAAMe| otRSo
Fig. 5 Monolithic ALOs9} ALOy/15vol%GNP &

FaAY WutmAg Ad3E BRoED Fig 5@, b)

= 4 &4 TAYd FAE vl EZ(Wear track)
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